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In an  earlier study  (1)  it was  shown  that  experimental uranium 
nephritis in the dog is characterized by an acidosis and an increase in 
the blood urea and plasma chlorides and that when sodium bicarbon- 
ate is administered daily the acidosis is of lesser degree, the increase 
of blood urea and plasma chlorides" is not so great, and the lesions in 
the kidney are not so severe. 
In the present investigation the scope of the work has been extended 
to include other forms of nephritis, those due to cantharidin,  arsenic, 
diphtheri~  toxin, and  potassium  chromate  (2).  Inasmuch  as  the 
general literature  on  the  subject was  reviewed and the methods  of 
study were described in detail  in  the  first paper,  these  will  not be 
again  considered. 
The observations were made on the dog and include the determina- 
tion  of  (a)  the  carbon  dioxide  content of  the  plasma  by  the  Van 
Slyke-Stillman-Cullen method  (3),  (b)  the  non-protein  nitrogen  of 
the blood by the Folin-Denis method (4), (c)  the urea nitrogen of the 
blood by the Van  Slyke-Cullen method (5,  6),  (d)  the  chlorides  of 
the plasma by the McLean-Van Slyke method (7),  (c)  the ketone of 
the blood by the Rothera method (8),  (f)  the hydrogen ion concen- 
tration of' the urine by the Palmer-Henderson method (9). 
All the animals were kept on a  constant diet for several days and 
normal  control  determinations  made  before  the  production  of  the 
nephritis.  All  the  control  observations  of  blood  and  urine  were 
made on at least 2 different days.  In order to ensure definitely com- 
parable  results  all bleedings for  the purpose of  obtaining  blood  for 
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chemical study were made at 9 a.m. and the animals were always fed 
at 3 p.m.  All the nephritic poisons were injected subcutaneously at 
9.30 a.m. 
The  observations fall  naturally into  two  groups:  (a)  the purely 
chemical and pathological studies of  nephritis and (b)  the study of 
the influence of sodium bicarbonate.  For  the first group a  severe 
nephritis was produced and for the latter a  lesion of milder degree. 
The  study of  a  severe  nephritis  due  to  each  of  the  four  renal 
poisons  will  be  described  before the  studies  illustrating  the influ- 
ence  of  sodium bicarbonate  are  presented.  The  milder  degree  of 
nephritis will be described later in connection with the study of the 
effects of sodium bicarbonate. 
Cantharidin Nephritis. 
The animals received cantharidin (1 per cent) (Merck) dissolved in 
acetic ether in the proportion of.0.002 gm. per kilo of body weight. 
Albumin and  casts  appeared promptly in  the urine.  The  general 
results of the chemical study--an increase in n0n-protein and urea 
nitrogen and in chlorides and a diminution in the carbon dioxide con- 
TABLE  I. 
Cantharidin  Nephritis. 
Date• 
1917 
Mar. 1 
"  3 
Mar. 4 
Mar. 5 
Mar.  6 
Blood. 
Non-pro-  T'r  a 
Urine.  rein  [  r  u e el 
•  n  n  tlog  mtroge  .^~ 
per 100  ] per lt~u 
c¢.  co. 
pH  mg.  mg. 
6.5  30.3  /  14.3 
6.9  32.1  ]  15.6 
I 
Chlorides  coCnte% 
per liter,  in 
plasma 
•  2~ef ce? 
5.2  I  59 
5.7  I  6O 
i 
Weight. 
kg, 
7.3 
7.6 
Remarks. 
Injection of 0.002  gm. of  cantharidin  solution  in  acetic ether per  kilo  of 
body weight. 
6.3  55.8  28.6  6.2  43  6.9  Vomits;  polyuria;  refuses 
food. 
Comatose; died at  12  a.m. 
* The  carbon  dioxide  content  was  determined  by  the  original  Van  Slyke 
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tent of the plasma--are shown in Table I.  These results are dupli- 
cated in the second dog receiving the same dose of cantharidin.  In 
the second dog the changes were in the same direction but not of the 
same  degree.  Histologically the  kidneys of  these  animals  showed 
marked congestion of the blood vessels, extreme granular degenera- 
tion of the convoluted tubules, and plugs of granular material in the 
tubular lumina. 
Arsenic Nephritis. 
In this series,  ~rsenic in the proportion of 0.002  gin.  per  kilo  of 
body weight was given.  1  The dose caused the appearance of albumin 
and casts in the urine.  The chemical changes were in the same direc- 
tion (Table II)  as in the other forms of nephritis.  In a  second dog 
TABLE  II. 
Arsenic Nephritis. 
1917 
Mar. 20 
"  22 
Date.  Urine. 
-- 
6.3 
6.2 
Blood. 
Non-protein[  Urea  Chlorid  o  [  CO~ 
nitrogen  nitrogen  • ,. eo  content 
I  I  I 
40.8  I  15.6  I  5.5  I  s3 
39.2  [  18.2  [  6.0  [  55 
Weight. 
kg. 
6.3 
5.9 
Remarks. 
Mar. 23  Injection  of 0.002 gin. of arsenious acid  per kilo of body  weight. 
Mar. 24  6.0  55.9  23.4  i  6.6  48  5.6  [ Comatosel 
Died the nightof  Mar. 24-25. 
which was given  arsenic  the changes were of  even less degree,  and 
a  return  to normal was seen in the second 24 hours.  Histologically 
the changes in the kidneys were limited to granular degeneration of 
the  epithelium  of  the  c6nvoluted  tubules  with  accumulation  of 
granular  material in the lumina. 
1 Arsenious acid (Merck) was dissolved  in weak sodium carbonate solution, the 
solution neutralized  to phenolphthMein, and distilled water added to make a 1 
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Diphtheria  Toxin Nephritis. 
In  this  series  the  animals  received  diphtheria  toxin  of approxi- 
mately • k~ toxicity, in the proportion of 0.02 cc. per  kilo of  body 
weight.  Albumin and casts appeared in the urine and  after 2 days 
the  chemical  studies  indicated  most  marked  changes.  These  are 
shown in  Table  III.  Like results,  except  that  the  chlorides were 
slightly lower, were obtained in a  second animal similarly treated. 
TABLE  HI. 
Diphtheria Toxin  Nephritis. 
Date. 
lP17 
Mar.  8 
"  10 
5rine. 
6.8 
6.8 
i  Non-pr( 
tein 
nitrogel 
i per I00 
CO. 
~g. 
36.2 
36.6 
Blood. 
Urea 
itroge~ Chlorlde~ 
~er 100  per liter 
CO. 
mg.  gin. 
11.7  5.6 
15.6  5.9 
CO~ 
co~tent 
plasmma. 
per  cent 
54 
53 
Weigh 
hg. 
6.8 
6.7 
6.6 
Remark. 
Mar. 14  10 a.m.  Injection of  0.02  co. of  diphtheria toxin  (x~)  per kilo of  body 
weight. 
Mar. lS  6.4  41.2  I  20.8  I  S.8  50  I  6.2  Refuses food. 
"  17  6.2  156.2  86.1  6.4  31  Comatose.  10a.m.  Died. 
Histologically the kidneys of these animals showed intense congestion 
and extensive granular degeneration of  the ceils of  the convoluted 
tubules with occasionally hyaline droplets and here and there necrotic 
cells.  Casts, both granular and hyaline, were found in the tubules. 
The gtomeruli were  shrunken and  the  capsular spaces  occasionally 
contained a finely granular material. 
Potassium  Chromate  Nephritis. 
Potassium chromate (Merck)  was dis;olved in  distilled water  to 
make a 1 per cent solution.  The chromate salt was given subcutane- 
ously, first in the proportion of 0.006 gin. per kilo of body weight and 
after 4  days a  second injection of 0.01 gm. per kilo.  Albumin and 
casts appeared promptly in the urine and death occurred, preceded KmOO GOTO  417 
usually by vomiting  and a  comatose  condition (Table  IV).  These 
results are duplicated in the second dog.  Histologically the  kidneys 
of .these animals showed the typical degeneration and necrotic lesions 
of chromate nephritis. 
The  results  of  the  cantharidin,  arsenic,  diphtheria  toxin,  and 
chromate  nephritis  confirm  our  earlier work  with uranium  nitrate 
and show that in experimental nephritis there occurs, in  addition  to 
TABLE  IV. 
Chromate NephritiL 
Date. 
1917 
Feb.  5 
~  6 
"  7 
Feb.  8 
Blood. 
Urine.  Non-pro-  Urea 
tein  nitrogen 
nitrogen 
per 100  per  100 
CC. 
~ng. 
34.1 
30.4 
co. 
mg. 
15.6 
CO2 
Chlorides  content 
per liter,  in 
plasma. 
14.3 
pH 
6.5 
6.4 
6.4 
~0l. 
gm.  percenl 
5.9  54 
5.7  55 
Weight. 
kg. 
13.7 
13.4 
Remarks. 
Injection of 0.006  gin. of potassium chromate  (1  per cent solution)  per kilo 
of body weight. 
Feb.  9  6.0  46.7  16.5  6.4  42  13.2  Refuses food. 
"  11  6.3  88.6  28.2"  6.1  46  13.1  "  '" 
Feb.  13  Injection of 0.01.gin. of potassium  chromate per  Refuses food. 
kilo of body weight. 
Feb.  14  6.  78.1  [  26.2  5.4  38  12.8  Refuses food. 
"  15  l  Anuria. 
"  16  6.  118.5  41.6  5.7  36  11.7  Comatose.  10a.m.  Died 
the retention of non-protein and urea nitrogen  , a moderate acidosis. 
This is most marked in the diphtheria and chromate nephritis, but. 
is evident also to lesser degree in cantharidin and arsenic nephritis. 
Effects of Sodium Bicarbonate. 
In the series in which the protecting effect of sodium bicarbonate 
was studied, a  milder grade of nephritis was produced.  Four dogs 418  EXPER,  IMENTAL  ACUTE  NEPHRITIS 
were used for each type of nephritis  and  the experiments were  con- 
ducted so that two animals in each experiment received the bicarbon- 
ate, while the other two,  serving as the controls, received none.  To 
all  thesame  dose per  kilo  of the nephritic poison was  given.  The 
animals  receiving  sodium  bicarbonate  were  given  the  bicarbonate 
for several days before the nephritic poison was administered and the 
bicarbonate administration was continued throughout the experiment. 
The sodium bicarbonate was given by stomach tube in the proportion 
of 2 gm. per kilo of body weight with  10  cc. of water for every gm. 
of the salt.  This daily treatment  followed the drawing  of blood at 
9  a.m., which  was  also  the  hour  at  which  the  nephritic  poison was 
administered.  All food was given at 3 p.m. 
TABLE  V. 
Cantharldin Nephritis.  No Sodium  Bicarbonate. 
Date. 
1917 
May 10 
"  11 
"  12 
Urine. 
pH 
6.8 
6.8 
6.8 
Blood. 
Non-pr( 
tein 
nitrogel 
per IOC 
¢c. 
34.0 
Urea  Chlorides  C02  Weight.  nitrogen  content 
per 100  per liter,  in 
cc.  plasma. 
~.  e.'  p  ..... 
6.2  15.2  6.0  53 
Remarks. 
39.3 
May 13  Injection of 0.0015 gin. of cantharidin per kilo of body weight. 
May 14  6.8  37.0  18.2  6.3  40  5.8  Vomits. 
"  15  6.5  " 
"  16  6.5  61.4  31.2  5.6  38  Does not eat; comatose. 
May 17  Died  at 1 p.m. 
Cantharidin  Nephritis.--A  comparison of Tables V  and  VI  shows 
the influence of the sodium  bicarbonate in preventing the reduction 
of tile carbon dioxide content of the plasma.  The animals receiving 
bicarbonate,  moreover, showed  less  tendency to  vomit and  did  not 
refuse  food.  Histologically  the  kidneys  showed  an  equal  degree of 
nephritis whether bicarbonate had been given or not. KINGO  GOTO  419 
TABLE  VI. 
Cantharidin  Nephritis.  Sodium  Bicarbonate. 
From  May 8,  2  gm. of  sodium bicarbonate  per  kilo  of  body weight  were 
given after bleeding daily. 
1917 
May 
g~ 
gc 
gc 
lg 
~g 
cg 
Urine, 
pH 
8 
10  8.4 
11  8.7 
12  8.6 
13  8.6 
14  8.7 
15  8.7 
Blood. 
l'on-pro- 
tein 
dtrogen 
per  100 
CC. 
mg. 
36.8 
32.7 
Urea 
dtrogen 
)er 100 
CO. 
mg. 
13.0 
12.8 
Chlorides 
per liter. 
5.6 
5.4 
C02 
content 
in 
plasma. 
~oL 
per cent 
54 
59 
Weight. 
kg. 
5.9 
5.9 
30.3  12.4  6.1  59  5.9 
May 16  Injection of 0.0015 gin. of cantharidin per kilo of body weight. 
Remarks. 
Soda commenced 
after bleeding. 
May 17 
"  18 
"  19 
"  20 
"  21 
8.6 
8.7 
8.6 
8.6 
8.6 
45.9 
36.2 
35.6 
16.9 
12.8 
10.4 
5.9  I  57. 
6.3  54 
6.5  ]  61 
5.3  Vomits. 
5.3 
5.1  Chloroformed. 
TABLE  vii. 
Arsenic  Nephritis.  No  Sodium  Bicarbonate. 
Blood. 
Date.  Urine. 
pH 
6.5 
Non-pro- 
tein 
nitrogen 
per 100 
co. 
Urea  CO2 
nitrogen  Chlorides  content 
per 100  per liter,  in 
ce.  plasma. 
rot. 
rag.  gin.  per cent 
14.8  6.0  52 
9.1  6.0  52 
1917  mg. 
kpr.  21  30.6 
kpr. 23  6.7  31.6 
Injection of 0.0015 gin. of arsenious acid per 
~,pr. 24  6.0  33.3  ,13.7  6.7  44  7.1 
25  6.1 
"  26  6.2  40.8  18.7  6,6  45  7.1  Chloroformed. 
Weight.  Remarks. 
kg. 
7.3 
7.3 
kilo of body weight. 420  EXPERIMENTAL  ACUTE  NEPHRITIS 
Arsenic Nephritis.--In this series the difference between the control 
and  the bicarbonate dogs was  slight, but was in  accord with  that 
occurring in the preceding series.  The dog that received bicarbonate 
showed no diminution of plasma carbon dioxide.  The nephritis in 
all was of a very mild grade.  None of the animals had disturbances of 
digestion and no difference in  the degree of histological changes in 
the kidneys could be recognized. 
TABLE  VIII. 
Arsenic Nephritis.  Sodium Bicarbonate. 
From May 3, 2  gm. of sodium bicarbonate per kilo of body weight were given 
after bleeding daily. 
Date. 
1917 
May  3 
"  4 
4¢  6 
"  7 
May  9 
"  10 
"  11 
Urine,  Non-pro-  tein 
nitrogen 
per 100 
cc, 
pH  mg. 
6.7  32.8 
8.3 
8.3  35.6 
8.5 
8.5 
8.5 
8.7  35.3 
8.5 
8.3  "  33.2 
Blood. 
Urea  COz 
nitrogen  Chlorides  content 
per 100  per liter. '  in 
cc.  plasma. 
vol. 
rag.  gin.  per cent 
10.4  6.0  52 
14.3  6.0  58 
Weight. 
8.6 
8.5 
Remarks. 
Soda commenced 
after bleeding. 
Injection of 0.0015 gin. of arsenious acid per kilo of body weight. 
15.6 
19.5 
6.4 
6.3 
55 
55 
8.3 
8.2  Chloroformed. 
Diphtheria  Toxin Nephritls.--Tables IX and X show the same diffei- 
ence in carbon dioxide content as in the experiments with arsenic and 
cantharidin, but digestive disturbances occurred in both bicarbonate 
and Control dogs.  Histologically changes in the kidneys of the ani- 
mals receiving bicarbonate were of slightly lesser grade than in those 
of the controls. KINGO  GOTO  421 
TABLE  IX. 
Diphtheria  Toxin Nephritis.  No Sodium Bicarbonate. 
Date. 
1917 
k~ r.  6 
"  9 
"  11 
I 
Urine. 
pR 
6.9 
6.9 
6.9 
Blood. 
Non  -pro- 
tem 
nitrogen 
per 
100 cc. 
mg. 
38.2 
40.2 
35.9 
Urea 
nitrogen 
per 
100 cc. 
mg. 
11.7 
13.0 
13.0 
Chlorides 
per  liter. 
gin. 
5.8 
5.5 
6.0 
C02 
content 
in 
plasma. 
rol. 
cent 
52 
52 
54 
Weight. 
kg. 
5.9 
5.8 
5.6 
Remarks. 
Apr.  12  Injection of 0.015 cc. of diphtheria toxin per kilo of body weight. 
Apr.  13  6.7  ]  41.6  I  13.6[  6.6  [  45  5.2  IVomits;  refuses  food. 
"  14  6.7  83.3  46.8  6.2  36  5.1  "  4 p.m. Died. 
TABLE  X. 
Diphtheria  Toxin Nephritis.  Sodium Bicarbonate. 
From April 6, 2 gin. of sodium bicarbonate per kilo of body weight were given 
after bleeding  daily. 
3ate. 
1917 
Lp  r.  ( 
"  11 
Urine. 
6.8 
7.6 
7.8 
7.6 
7.8 
Blood. 
Non-p  , 
tein 
nitrogen 
per 
100 cc. 
mg. 
36.4 
42.5 
39.3 
Urea 
nitrogen 
Der 
I00 cc. 
mg. 
10.4 
10.4 
9.1 
Cblorides 
per liter, 
gm. 
5.6 
5.3 
5.8 
CO2  content  iu 
plasma. 
vol. 
51 
56 
60 
Weight. 
kg. 
5.8 
5.6 
5:5 
Remarks. 
Soda commenced after 
bleeding. 
Apr,  12  Injection of 0.015 cc. of diphtheria toxin per kilo of body weight. 
Apr.  13  7.6153.2116.4t5.9  I  52  I  5.2  I Vomits;  doe.s  not eat. 
"  14  7.6  62.2  46.8  6.2  53  5.0  " 
Died the night of Apr. 14-15. 422  EXPERIMENTAL  ACUTE  NEPHRITIS 
DISCUSSION. 
The present work was undertaken to  ascertain  first what degree 
of acidosis occurs in experimental nephritis due to substances other 
than uranium, and second, how much protective action is obtained 
from sodium bicarbonate administered by stomach in these forms of 
nephritis  It is Clear that in the acute nephritis caused by canthari- 
din,  arsenious  acid,  diphtheria  toxin,  and  potassium  chromate  a 
moderate acidosis occurs, as shown by the diminution of the carbon 
dioxide content of the plasma and by the increased hydrogen ion con- 
centration of the urine. 
The non-protein and urea nitrogen and the chlorides in the blood, 
in the severe form, are always increased.  In the milder grade  of ex- 
perimental nephritis,  the  action of the poisons was inconstant in the 
different dogs.  While some dogs showed a  moderate increase in the 
non-protein and urea nitrogen and in the chloride content of the blood; 
the  others  showed  only very slight  if  any change.  When  sodium 
bicarbonate was given to these dogs the retention of nitrogen and of 
chlorides in  the blood was in  some instances less than in the control 
dogs but in other instances no difference could be noted. 
In acute nephritis,  a  rise in  the blood urea content may be due to 
renal insufficiency, and without doubt the impaired kidney function is 
to be considered the chief factor in the increase of the urea nitrogen in 
the blood, but such other factors as increased protein catabolism may 
be of some importance. 
Gastrointestinal disturbances, indicated by the refusal of the animals 
to take food and by vomiting, frequently develop early in the course 
of the nephritis.  Consequently the food intake of the nephritic dogs 
is not the same in different experiments and  is  not  so  constant  as 
that during the preliminary control  period.  The  possible  influence 
of this change in food intake upon the catabolism must be considered, 
and it is not proper to  attribute  slight  differences in  the  nitrogen 
content of the blood entirely to  renal  insufficiency. 
Concerning  the protective action  of  sodium  bicarbonate  against 
the acidosis  it  will be noted  that  the  dogs  receiving  soda  always 
showed a  higher level of carbon dioxide content in  the blood in  the 
period  before administration of the nephritic poison  and,  moreover, KINGO GO~O  423 
that decrease in this figure during the nephritis was much less in  the 
dogs receiving soda than in the controls without soda. 
The hydrogen ion concentration was always diminished during the 
nephritic period in the control dogs, while in the dogs receiving soda 
it showed scarcely any change. 
The most constant and striking difference between the control dogs 
and the dogs receiving soda in this mild grade of experimental nephri- 
tis was the less pronounced diminution of carbon dioxide content in 
the blood  and the  less  pronounced  decrease  in  the  hydrogen  ion 
concentration in urine in the dogs given soda, which indicates  that 
the so4inm bicarbonate has a  protective action against the acidosis. 
In some instances the animals when nephritic fell into a  type of 
coma, being at first somnolent, then passing into a  deep sleep, with 
deepened respiration.  These symptoms are analogous to those seen 
in patients with uremic coma. 
The association of severe acidosis and of coma is frequent.  This 
suggested that  there may be some relation between even the com. 
paratively mild acidosis of these experiments and the greater tendency 
to coma that may be noted in the dogs receiving no soda. 
Whether the acidosis  of these  types of experimental nephritis  is 
due to a decrease of the excretory power of the kidney for acids, that 
is  to  retention of acids,  or to  the production of abnormal  types of 
acids, or to increased production of acids is not known. 
In all the animals acetone and acetone bodies were absent from the 
blood;  hence,  the  acidosis in  these  types of experimental nephritis 
is not due to the acetone bodies. 
CONCLUSIONS. 
i. In experimental  nephritis caused by cantharidin, arsenic, diph- 
theria toxin, and potassium  chromate,  in addition  to the retention 
of the non-protein  and urea nitrogen and of the chlorides in blood, 
an acidosis occurs. 
2.  Sodium  bicarbonate  given  by  the  stomach  has  the  power  of 
diminishing the acidosis in these types of nephritis. 
3.  The degree of increase in the non-protein and urea nitrogen con- 
tent in the blood in mild nephritis varies  considerably  in  different 
dogs receiving the same dose per kilo of a given poison. 424  EXPERIMF.NTAL ACUTE NEPII_~ITIS 
4.  Histological examination  shows  little if any influence resulting 
from the administration of sodium bicarbonate upon the grade of the 
nephritis induced by the poisons. 
BIBLIOGRAPHY. 
1.  Goto, K., A study of the acidosis, blood urea, and plasma chlorides in uranium 
nephritis in the dog, and of the protective action of sodium bicarbonate, J. 
Exp. Med., 1917, xxv, 693. 
2.  Pearce, R. M., The problems of experimental nephritis, Arch. Inl. Med., 1910, 
v, 133. 
3.  Van  Slyke,  D. D., and  CuUen, G. E.,  Studies  of acidosis.  I.  The bicar- 
bonate concentration of the blood plasma; its significance, and its determi- 
nation as a measure of acidosis, J. Biol.  C~m.,  1917, xxx, 289~ 
4.  Folin, O., and Denis, W., Nitrogen determinations by direct  Nesslerization. 
I. Total nitrogen  in  urine, J. Biol. Chem., 1916, xxvi, 473, II.  Non-pro- 
tein nitrogen in blood, 491. 
5. Van Slyke, D. D., and Cullen, G. E., A permanent preparation of urease, and 
its use in determination of urea, J. B¢ol. Chem., 1914, xix, 2"11. 
6.  Van Slyke, D. D., and Cullen, G. E., The determination of urea by the urease 
method, J. Biol. Chem., 1916, xxiv, 117. 
7.  McLean, F.  C.,  and Van Slyke,  I3. D., A method for the determination of 
chlorides in small amounts of body fluids, J. B¢ol. Chem., 1915, xxi, 361. 
8.  Rothera, A.  C. H., Note on the sodium nitro-prusside reaction for acetone, 
J. Physiol., 1908, xxxvii, 491. 
9.  Palmer, W. W., and Henderson, L. J., Clinical studies on acid base equilibrium 
and the nature of acidosis, Arch. Int. Med., 1913, xii, 153. 